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INTRODUCTION
In many areas when seeds are harvested they are often
insufficiently dry for storage until the following planting
season.

Because seeds maintain their quality better at a

low moisture level (9), mechanical drying is frequently
necessary to reduce their moisture content to a safe level.
However, if a mechanical drying system is not properly
managed, the germination of seeds can be damaged considerably during the drying period.

Three major factors affec-

ting the germination of seed during mechanical drying are
the initial moisture content of the seed, the temperature
employed, and the length of time the seeds are exposed to
the heated air.
Limited information is

availabl~

describing the effects

of these three factors on the germination of mechanically
dried soybeans.

Generally, ll0°F is considered the maximum

temperature that should be used for drying seeds.

However,

if higher drying temperatures could be used without detriment to seed germination, the time required for drying could
be reduced considerably.
In humid areas much of the soybean seed for planting
has to· be dried, however, the temperatures recommended for
drying are generally based upon information pertaining to

the drying of other types of seeds.

Consequently, the

objective of this study is to determine the effects of high
temperature, initial moisture content, and time of exposure
on the germination of soybean seed.
REVIEW OF LITERATURE
Matthes, Boyd, and Welch (6, 7) dried Dare soybeans
seeds with heated air at about 90°F. The seeds were harvested at 22 percent moisture content.

They used air flow

rates ranging from 1.5 to 12 cubic feet per minute per
bushel and low levels of relative humidity.
were dried 1n columns 48 inches deep.

The soybeans

They were dried until

the top layer of seeds were reduced to about 12 percent
moisture content. .

There was no marked difference in ger-

mination as the time of exposure increased.
that the

They predicted

germination would be lowered if the drying air

temperature was greater than ll0°F and the relative humidity
of the drying air was less than 35 percent.

They concluded

that soybeans with initial moisutre content up . to 22 percent
could be dried satisfactorily for seed.
Harrison and Wright (3) worked on seed corn drying
us1ng heated air.

They used corn with initial moisture con-

tents ranging from 16 to 27.4 percent, dried at temperatures
45, 50, 55, and 65°C (113, 122, 131, and 149°F, respectively)
for 120 hours.

A temperature of 45°C did not reduce the

germination, temperatures of 50 and 55°C caused some loss 1n
germination, and a temperature of 65°C killed the seeds.
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Curiously, they concluded that the effects of temperature
are not influenced by the initial moisure content of corn.
~vileman

and Ullstrup (10) studied the factors affecting

the temperature at which seed can be dried safely.

They

used 268 samples of corn with initial moisture contents from
less than 20 percent to over 35 percent involving inbred
lines, single crosses, and double crosses.

The drying

temperatures used in their study ranged from 100 to 140°F
at l0°F intervals.

The drying process was continued until

the moisture content of the seed was reduced to approximately
13 percent.

They concluded that temperatures up to 120°F

could be used when the initial moisture content was 25
percent or less, but when the moisture content exceeded 25
percent the temperature should not exceed ll0°F.
McFarlane et al.

(8), demonstrated the effects of time

and temperature on the viability of rough or paddy rice of
different moisture contents.

Samples of rough rice from a

combine harvested lot were placed in heat-resistant test
tubes which were tightly

~toppered

and submerged in water

baths maintained at different constant temperatures.

The

r1ce had initial moisture contents of 17.9 to 25.2 percent.
With a constant period of exposure for 30 minutes, the
deterioration of seeds started at 55°C (13l°F) for 25 .. 2
percent initial moisture content, and as the initial moisture content decreased, the deterioration decreased (the
percentage of germination increased).

With the lowest

initial moisture content of 17.9 percent, a temperature of
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55°C applied for as long as 120 minutes did not have any
effect on germination.

At 60°C (140°F), heat treatment for

50 minutes and longer resulted in a slight decrease in
germination.

All samples heat-treated at 65°C (149°F) for

20 minutes and longer exhibited a loss in germination.

At

70°C (158°F), the viability of most of the seeds was destrayed in 10 minutes and completely destroyed in 20 minutes.
In 1952, r1ce samples with initial moisture contents rang1ng
from 4.7 to 21.6 percent were used to verify and support the
experiment of 1951.
PROCEDURE
Experimental Dryer
The experimental dryer used for drying the seeds at
various air temperatures 1s shown in Figure 1.

It consisted

of three plenum chambers made from 55-gallon steel drums with
two small bins mounted on top of each plenum chamber to
provide a six-bin drying unit permitting simultaneous use of
three drying temperatures with two replications of each
temperature.

Each bin was 14 inches deep, 6 inches in dia-

meter, and fitted with a perforated metal bottom.

The a1r

was forced through the bins by a centrifugal fan.

The a1r

flow was controlled by a 1 1/4-inch diameter gate valve
under each bin.
Each plenum chamber was equipped with an electric
heater controlled by a thermostat and a relay so that the
desired temperature for the bins on that particular chamber
could be maintained.
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Figure ·1. The experimental dryer used for drying seeds · at · various
air temperatures.

STRIP

Seed Samples and Tests
The seed samples were rough cleaned before the drying
tests.

The cleaning procedures were done by hand screening

with screens having round perforations.

The perforations

in the top screen were 19 1/2 64ths of an inch in diameter
and those in the bottom screen were 12 1/2 64ths of an inch
in diameter.

The seeds were then processed through a small

spiral separator to remove splits and soil particles.
The moisture content of the seed, as received, was
about 10 percent (wet basis).

Moisture was then added to

the soybeans to increase the moisture content to the desired
level.

Two moisture levels were used:

and 17.1 to 19.0 percent.

15.7 to 17.0 percent

To increase the moisture content,

the seed were placed in contact with moist towels and equilibrated for at least 72 hours in a sealed glass jar in a
controlled environment at 7°C (44°F).

The experience of

Hukill (4) and Hulstrulid (5) shows that remoistened seed
may dry more readily than naturally damp seed if the molsture has not had time to penetrate the kernels and reach
equilibrium.

The moisture content of each sample was deter-

mined by the oven method (10).
Two pounds of seeds were placed in each bin so that
they were fully exposed to the circulation of hot air.
drying periods used were 3, 5, and 7 hours.

The

Treatment

temperatures in the bins were measured by thermometer
located in the vertical center of each bin.

The air flow

rate was measured by means of a hot wire anemometer.

An a1r

flow rate of approximately 10 cubic feet per minute per
6

bushel was used in each bin.
At completion of drying, all samples were placed immediately
1n sealed glass jars and moisture determination was made.
The seed not used for moisture determination were placed
in envelopes and stored in a controlled environment at 7°C
(44.6°F) until used in standard germination tests.
Evaluation of Tests
Treatments were evaluated by conducting standard germination tests in accordance with the Rules for Testing
Seeds (1).

After drying, four replications of 50 seeds were used

for evaluating each treatment.

The standard cyclic germina-

tion test of 16 hours at 20°C and 8 hours at 30°C was used.
Germination was evaluated after seven days.

The evaluation

consisted of a count of the number of seeds developing
normal root systems.
RESULTS AND DISCUSSION
Effect of Drying Time and Temperature
The effects of drying time on the germination of soybeans are shown in Figures 2 and 3.

Soybean seeds with

initial moisture content about 16 percent, Figure 2, were
not significantly lowered in germination through 7 hours
drying time at 100°F drying temperature.

This would be

important in a deep bed or bin drying situation where the
seed at the bottom dry first.

At ll0°F and 130°F, no Slg-

nificant germination difference occurred as the time reached
5 hours, but the germination decreased slightly as the
drying time increase to 7 hours.
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Figure 2. Average germination percentage of soybean seeds
with initial moisture content about 16 percent
at various drying time.
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at various drying time.
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tion increased as the drying time increased to 3 hours, but
slightly decreased as the drying time increased to 5 and 7
hours. The drying temperatures of 140 and 150°F caused a
slight reduction in germination as the drying time increased.
A sharp reduction in germination was caused by the drying
temperatures of 160 and 170°F, as the drying time increased.
This deterioration in germination was possibly due to overdrying as well as temperature effects.
The germination percentages of soybean seeds with an
initial moisture content about 18 percent showed no slgnlficant differences as the drying time increased for the
drying temperatures of 100, 110, 120, and 130°F, Figure 3.
For 140 and 150°F drying temperatures, the germimation
decreased slightly as the drying time increased to 3 hours,
but it increased for drying times from 3 to 7 hours.

The

germination rate decreased rapidly as the drying time lncreased for 160 and 170°F drying temperatures.

At the end

of 7 hours drying time, the drying temperature of 170°F
had almost completely killed the seeds for both 16 and 18
percent initial moisture contents.
Figure 4 shows average germination percentages of
soybean seeds with initial moisture content about 16 percent at various drying temperatures.

Germination after 3

hours drying time remained fairly constant as the drying
temperature increased to 130°F, but decreased rapidly for
temperatures above 130°F.

This indicates that soybean seeds

at 16 percent moisture could be dried with temperatures up
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to 130°F in a high a1r flow dryer if the time did not exceed
3 hours.
For 5 hours drying time, the germination percentages
showed no significant differences as the drying temperatures
increased to ll0°F but decreased slightly as the drying
temperatures further increased above 110 to 150°F, then
dropped quickly after 150°F drying temperature.

Similar

results were found for seeds dried for 7 hours.
Figure 5 was constructed to show the average germlination percentages of soybean seeds with initial moisture
content about 18 percent at various drying temperatures.
Germination percentages for 3 hours drying indicated there
was no significant difference in germination as the drying
temperature increased to 130°F; but germination percentage
decreased slightly as the temperature increased from 130 to
150°F, then decreased rapidly as the temperature was lncreased above 150°F.

Drying for 5 hours resulted in a

slight decrease in germination as the drying temperature
increased to 150°F and decreased rapidly above 150°F.
For 7 hours drying time, no significant difference in germination occurred as drying temperature increased to 140°F.
It decreased slightly from 140 to 150°F and above 150°F,
there was a marked reduction in germination.
At this point it can be noted that germination of the
seeds was not reduced by drying temperatures of 100 and 110°F
even if those seeds were dried for a period of 7 hours.
temperatures between 110 and 150°F caused some damage in
germination and drying treatment higher than 150°F caused
11
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serious germination damage.

The drying time as long as 7

hours caused only a small decrease in germination for temperatures below 130°F but above 130°F extended drying time
caused a serious decrease in germination.
Effect of Initial Moisture Content
The initial moisture content of the seeds also affected
the germination.

Seeds at initial moisture content about 16

percent had a higher degree of germination than those with
initial moisture content about 18 percent.
~ination

At 100°F the ger-

of the soybean with 18 percent initial moisture

content was only 2 percent less than the germination of the
soybeans with 16 percent initial moisture content. But as
the temperature was increased, there was a greater decrease
in germination in the soybeans with 18 percent initial
moisture content.

This is in agreement with other reports

indicating that when drying soybeans with initial moisture
contents in the range of 18 to 22 percent, the drying temperature should be in the range of 90 to 100°F.
SUMMARY
The objective of this study was to determine the effects
of high temperature, initial moisture content, and time of
exposure on the germination of soybean seeds. All of these
factors had an influence on the germination of mechanically
dried soybeans.

Best germination results were obtained with

drying temperatures of 100°F.
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In both the 16 and 18 percent initial moisture content
soybeans, the germination for all drying times, except 3
hours in the 16 percent soybeans, the germination gradually
decreased as the temperature increased from 100 to 150°F.
Above 150°F, the germination dropped rapidly to near zero
percent at 170°F.
For the 3 hours drying time in the 16 percent soybeans,
there was no decrease in germination up to 130°F. But from
130 to 150°F, the germination gradually decreased and above
150° ' it dropped rapidly similarly to that for the other
drying time.
This study indicated that temperatures up to 130°F
can be applied for 3 hours without damaging the germination
of soybeans.

However, when drying in a deep bed type dryer,

temperatures above ll0°F should not be used in order to prevent excessive drying of the soybeans near the bottom of the
bin.

High drying temperatures could be used more satisfactorily

in dryers where the seed are moving continuously and drying
is done more uniformly.
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